ABSTRACT
INTRODUCTION
Official genomic evaluations of dairy cattle in the United States have been available for Brown Swiss, Holsteins, and Jerseys since 2009 (Wiggans et al., 2011) .
As of January 2013, over 1,000 Ayrshires had genotypes in the North American database. That amount of data justified investigation of possible benefits of genomic evaluation for the Ayrshire breed. Haplotypes that affect fertility have been identified for Brown Swiss, Holsteins, and Jerseys . Because of the heavy use of popular bulls in the Ayrshire breed, even that small population might have enough matings to uncover haplotypes never observed in the homozygous state. The objectives of this study were to evaluate the accuracy of genomic predictions, investigate SNP that might be useful for breed determination, and identify haplotypes that affect fertility.
MATERIALS AND METHODS
Genotypes determined with the Illumina BovineHD (Illumina Inc., 2010) , Illumina BovineSNP50 (Illumina Inc., 2011a), GoldenGate Bovine3K (Illumina Inc., 2011b), Illumina BovineLD (Boichard et al., 2012) , GeneSeek Genomic Profiler (Neogen Corporation, 2013a) , and GeneSeek Genomic Profiler HD (Neogen Corporation, 2013b) BeadChips were available for 1,023 Ayrshires as of January 2013. Over half (525) of the genotypes were from Canadian Ayrshires that had been genotyped with the BovineHD BeadChip.
Genotypes were imputed to a common set of 45,188 SNP using the findhap.f90 program (VanRaden, 2011) . The SNP set was the same as the one used for US genomic evaluation of Brown Swiss, Holsteins, and Jerseys in January 2013; that set had been chosen based on SNP performance criteria such as minor allele frequency, parent-progeny conflict, call rate, and correlation with other SNP (Wiggans et al., 2010) . The percentages of SNP that were called after imputation (imputation rate) was determined by the number of called SNP out of the possible 45,188 SNP.
A traditional 4-yr cut-off study, which removed the last 4 yr of information and compared traditional parent averages and parent average reliability with values that included SNP and polygenic effects estimated from genomic information as described by VanRaden et al., (2009) , was modified to include animals born after January 1, 2000, in the validation set and used traditional information from 4 yr ago. Two additional cut-off study methods were considered to determine gains in reliability due to the addition of genomic information. The first method was a traditional 4-yr cutoff study, which removed the last 4 yr of information and compared traditional parent averages and parent average reliability with values that included SNP and polygenic effects estimated from genomic information. The second method used current traditional data and randomly assigned a quarter of the population as the validation set, which was repeated 4 times and averaged across runs .
Individual SNP effects were computed using a training set of 646 bulls with traditional evaluations as of Determination of SNP that could be used for breed identification was found by comparing allele frequencies by SNP for 869 Ayrshires, 7, 728 Brown Swiss, 258, 678 Holsteins, and 31,417 Jerseys. To qualify as an Ayrshire identifier SNP, the allele frequency had to be ≥0.90 monomorphic for Ayrshires and ≤0.30 monomorphic for Brown Swiss, Holsteins, and Jerseys for the same allele.
After imputation, haplotype segments of 600, 200, and 75 markers were examined to find those segments with the highest frequency in the Ayrshire population that were never homozygous . Based on 611 actual mating patterns that created the genotyped individuals in the population, the expected number of carrier animals was determined as the number of matings for carrier sire by carrier maternal grandsire (MGS) divided by 4 for the region.
A total of 22,253 Ayrshire breeding records were analyzed using December 2012 data for official USDA phenotypic evaluations for sire conception rate (Kuhn and Hutchison, 2008; Norman et al., 2008) . The overall conception rate for the Ayrshire breed in December 2012 was 37 ± 4.8%. An interaction for sire carrier status with MGS carrier status was added to the official model (Norman et al., 2012) . To evaluate haplotype carrier effects on sire conception rate, 618 matings of carrier sire by carrier MGS were compared with 6,733 matings from noncarrier sires.
RESULTS AND DISCUSSION
Mean percentage of SNP that were called after imputation (Table 1 ) ranged from 78.9 to 99.7 depending on the genotype chip used. Animals genotyped with the Illumina BovineSNP50 BeadChip had the highest imputation rate because they had the greatest number of called SNP in common with the 45,188 SNP set used for genomic evaluation. Imputed dams had the lowest imputation rate because their genotypes were derived completely from parent and progeny genotypes. Imputation rates for Ayrshire genotypes were similar to those for simulated Holstein genotypes (VanRaden et al., 2013) for all chip types except imputed dams, which were lower for Ayrshires most likely because of fewer genotyped progeny and other relatives. All 45,188 SNP were used in imputation and SNP effect calculation to maintain consistency with the SNP set used for routine evaluation of Brown Swiss, Holstein, and Jersey even though differences in minor allele frequencies exist.
The 2 additional cut-off study methods considered to determine gains in reliability due to the addition of genomic information were not used. The first method, a traditional 4-yr cut-off study, did not include enough animals in the validation group. The second method, which used current traditional data and randomly assigned a quarter of the population as the validation set, used overlapping data, which caused the contribution from genomics to be overvalued. Table 2 shows that the mean gain in reliability over parent average for all traits was 8.2 percentage points. The largest reliability gains were for protein yield (16.9 percentage points), milk yield (16.6 percentage points), and stature (16.2 percentage points). Coefficients of determination for prediction of December 2012 daughter deviations (deregressed from traditional evaluations) by August 2008 evaluations ranged from 0.05 to 0.29 for parent average and from 0.10 to 0.42 for genomic evaluation. Coefficients for regression of December 2012 daughter deviations on August 2008 genomic evaluations ranged from 0.84 to 1.31; none were greatly different from the expected regression coefficient of 1.00 when a representative sample of genotyped bulls is assumed (Mäntysaari et al., 2010) . Bias, which was determined by subtracting August 2008 genomic evaluations from December 2012 daughter deviations, was close to 0 for all traits except yield and net merit. The negative 3 bias, especially milk yield and net merit, indicated that genomic predictions overestimated daughter deviations, which is similar to what was observed in the Brown Swiss population when genomic evaluations were first introduced for the small population of genotyped animals (Wiggans et al., 2011) .
Twelve SNP ( A haplotype that affects Ayrshire fertility was discovered on Bos taurus chromosome 17 in the range of 65.9 to 66.2 Mbp. That haplotype, which was designated as AH1, was expected to have 14 homozygous animals (56 matings of carrier sire by carrier MGS divided by 4). However, none were observed in the genotyped population. In the genotyped Ayrshire population, the oldest ancestor with the AH1 haplotype was Selwood Betty's Commander (born in 1953), the most heavily used bull in the breed (VanRaden and Smith, 1999) ; however, the original mutation most likely did not occur in Selwood Betty's Commander. The carrier frequency of AH1 for genotyped Ayrshires is 26.1%, which has remained steady since the 1970s and is the most prevalent recessive haplotype discovered using this method to date . The haplotype was able to persist in the population with such high frequency because of the popularity of Selwood Betty's Commander and his descendants.
Sire conception rate was 4.3 ± 2.5 percentage points lower (Table 4) for AH1 carriers as determined by matings of carrier sire with carrier MGS compared with noncarrier sire matings. The effect on stillbirth rate could not be determined because of limited calving data. Carrier status for AH1 can be integrated into a mating scheme to reduce the likelihood of carrier-to-carrier matings and decrease the loss in overall fertility.
CONCLUSIONS
Genomic evaluations for Ayrshire have been official in the United States since April 2013. Those evaluations have improved prediction accuracy over parent average, and evaluation reliability has increased by an average of 8.2 percentage points over all traits. Because the genomic evaluation methods were based on the North American population, they may not be suitable for all red dairy cattle because of the differences in linkage disequilibrium in red dairy populations. Additional information extracted from the genotypes of the Ayrshire population identified a group of SNP unique to the breed that can be used in breed identification. Because of the high prevalence of the deleterious AH1 haplotype in the Ayrshire population, knowledge of carrier animals can be used in breeding decisions to decrease fertility losses. 
